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[57] ABSTRACT 

A cable length estimation circuit for receiving an input 
MLT-3 signal provided through an arbitrary length cable and 
providing a control signal to an equalizer indicating the 
estimated length of the cable enabling the equalizer to 
compensate for distortion of the MLT-3 signal resulting from 
the cable. The cable length estimation circuit includes an 
edge rate detection circuit for measuring the rate of change 
in voltage With respect to time during transitions of the 
MLT-3 signal to provide an indication of cable length. The 
cable length estimation circuit can also include a digital 
averaging circuit Which provides an average value for sig 
nals from the edge rate detection circuit for a desired number 
of transitions of the MLT-3 signal. The cable length estima 
tion can also include a baseline Wander detection circuit 
Which functions so that previous cable length estimations are 
provided When baseline Wander is detected. 

8 Claims, 6 Drawing Sheets 
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CABLE LENGTH ESTIMATION CIRCUIT 
USING DATA SIGNAL EDGE RATE 

DETECTION AND ANALOG TO DIGITAL 
CONVERSION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for estimating 
a length of cable providing a signal to a receiving station in 
a data communication system to enable compensation for 
loss and phase delay in the signal caused by the cable. 

2. Description of the Related Art 
As generally knoW in the art of data communications 

systems, When a transmitter sends analog or digital signals 
over a transmission medium such as a transmission line or 

cable to a receiver, the received signals may become dis 
torted due to attenuation and phase delay resulting When the 
signals are transmitted through the transmission line. 

For example, a 100BaseT Ethernet receiver (following the 
Ethernet standard ANSI/IEEE Std. 802.3u) must be able to 
receive a three-level analog signal (MLT-3) at the rate of 125 
megabits per second. HoWever, bit error rate for such an 
Ethernet receiver is related to signal distortion introduced to 
a received signal by a transmission line, and such distortion 
Will vary depending on the length of transmission line 
utiliZed. A signal can be provided to an Ethernet receiver 
Which folloWs the Ethernet standard ANSI/IEEE Standard 
802.3u through a transmission line Which may have one of 
several different lengths. In order to compensate for the 
signal distortion introduced by a transmission line, signals 
are typically corrected before being provided to an Ethernet 
receiver by passing the signals through an equaliZer circuit 
Which makes corrections to the input signal for amplitude 
losses and phase delay introduced by a transmission line. 
A typical equaliZer circuits include a compensating ?lter 

Which restores amplitude and phase delay to a signal caused 
by a cable by having a gain and phase shift controlled by a 
received control signal. The control signal is typically pro 
vided by circuitry utiliZing feedback from the equalizer. 

One typical control circuit includes a non-linear device, 
such as a diode, receiving feedback from the compensating 
?lter output. The diode is connected to a passive frequency 
selective netWork Which functions such that the frequency 
response of the compensating ?lter varies in a proportional 
manner to that of the dynamic resistance of the diode to 
enable accurate compensation for amplitude losses and 
phase delay of a cable. The Wide range of RC time constants 
of cables, and vastly differing diode resistances prevent 
manufactures from integrating this type of control circuit 
With an equaliZer on a single monolithic die. 

Another control circuit using feedback from an equaliZer 
uses a set of high-pass basis functions that may be Weighted 
and summed. By adjusting the Weights, the compensating 
circuit can be adapted to accurately control the equaliZer to 
compensate for distortion caused by various cable lengths. 
Three ?Xed Weighting terms for a particular cable length are 
typically set by a ratio of resistances coupled to the equaliZer 
output. This structure assumes that the variations of the RC 
time constant controlled by varying the resistances Will be 
roughly equivalent to a shift in RC time delay resulting from 
a cable length, and the assumption Will apply as long as the 
ratios of resistances remain fairly constant over process. 
Although this technique is satisfactory for shorter cable 
lengths, the Weights are dif?cult to control to accurately 
compensate for intermediate and longer cable lengths. 
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2 
Another control circuit providing a signal to control an 

equaliZer uses a feedforWard control technique and is 
described in US. patent application Ser. No. 08/743,082, 
entitled “System For Adaptive Transmission Line EqualiZa 
tion And MLT-3 To NRZ Data Conversion”, ?led on Nov. 4, 
1996, and incorporated herein by reference. By using a 
feedforWard control, control of compensation for the RC 
time constant of a cable no longer depends on performance 
of the equaliZer itself. 

In application Ser. No. 08/743,082, the feedforWard con 
trol circuitry includes a peak detector receiving an MLT-3 
signal provided to the equaliZer, and an analog to digital 
(A/D) converter connecting the peak detector to a control 
input of the equaliZer. Because amplitude of a MLT-3 signal 
decreases depending on cable length, the output of the A/D 
converter effectively provides an estimate cable length. The 
compensating ?lter of the equaliZer upon receiving the 
digital control signal then functions to provide a gain and 
phase delay to compensate for the RC time constant of the 
cable. Such a feedforWard control circuit can be integrated 
With the equaliZer onto a monolithic die, and can further 
provide accurate compensation With cables having a signi? 
cant length. 

SUMMARY OF THE INVENTION 

The present invention provides cable length estimation 
circuitry for estimating the length of a transmission line or 
cable utiliZing a feedforWard control technique. 

Using the feedforWard control technique, as in application 
Ser. No. 08/743,082, compensation for the RC time constant 
in a cable does not depend on performance of the equaliZer. 

Further, using the feedforWard control-technique of the 
present invention, compensation for the RC time constant of 
a cable can be made With components integrated With an 
equaliZer onto a monolithic die, and the circuit can function 
accurately irrespective of cable length. 
The present invention is a cable length estimation circuit 

for receiving an MLT-3 signal provided through an arbitrary 
length cable and includes an edge rate detection circuit for 
measuring the rate of change in voltage With respect to time 
during transitions of the MLT-3 signal to provide a control 
signal representative of the cable length to an equaliZer. By 
measuring the rate of change in voltage With respect to time 
of the MLT-3 signal from a cable, as opposed to amplitude 
as provided by the circuit of US. patent application No. 
08/743,082, the present invention provides a circuit less 
sensitive to speci?c MLT-3 signal data patterns. 

To compensate for glitches occurring in the MLT-3 signal, 
or glitches in values provided from the edge rate detection 
circuit, the present invention further includes a digital aver 
aging circuit Which determines an average value of signals 
from the edge rate detection circuit for a number of transi 
tions of the MLT-3 signal. 

To compensate for baseline Wander in the MLT-3 signal, 
the present invention further includes a baseline Wander 
detection circuit. The baseline Wander detection circuit 
includes circuitry to latch a previous state of the average 
value received from the digital average circuit to the equal 
iZer When baseline Wander is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further details of the present invention are explained With 
the help of the attached draWings in Which: 

FIG. 1 shoWs a block diagram of a data communication 
system illustrating connection of the cable length estimation 
circuit of the present invention; 
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FIG. 2 shows an MLT-3 signal provided from a trans 
former of FIG. 1 before being provided through a cable; 

FIG. 3 shoWs MLT-3 signals as provided through different 
length cables; 

FIG. 4 is a block diagram of circuitry for the cable length 
estimation circuit of FIG. 1; 

FIG. 5 shoWs an analog to digital edge rate measurement 
circuit for the edge rate detection circuit of FIG. 4; 

FIG. 6 shoWs a sample and hold circuit for the edge rate 
measurement circuit of FIG. 4; 

FIG. 7 shoWs circuitry for the digital averaging circuit of 
FIG. 4; and 

FIG. 8 shoWs circuitry for the baseline Wander detection 
circuit of FIG. 4. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a block diagram of a data communication 
system illustrating connection of the cable length estimation 
circuit of the present invention. The system includes an 
MLT-3 Ethernet transmitter 100 Which provides a differen 
tial MLT-3 signal to transformer 102 at outputs VINP and 
VINN. The differential signal VINP, VINN provided by the 
transmitter 100 is illustrated in FIG. 2. As shoWn, the signals 
VIM, and VINN are complementary and each transition 
betWeen 1 volt and —1 volt. 

Transformer 102 transmits the received signal through the 
transmission line, or length of cable 104 connecting to 
another transformer 106. The transformer 106, then provides 
a differential signal to equalizer 108 and cable length esti 
mate circuit 110 at differential outputs VP and VN. Although 
not shoWn, DC bias circuitry is included to assure the signals 
VP and VN are received biased to a desired common mode 
DC voltage level. The cable length estimate circuit 110 
provides a cable length estimate to equalizer 108. The 
equalizer 108, Which is made up of a compensation ?lter 
With gain and phase shift adjusted by the digital control input 
provided by circuit 110, and provides the MLT-3 signal 
corrected for distortion from cable 104 to the Ethernet 
receiver 112. 

FIG. 3 illustrates hoW the rate of change in voltage With 
respect to time (dVPN/dt) of the differential signals VP and 
VN is affected When different cable lengths are used. Similar 
to the signals VINP and VINN, the signals VP and VN are 
complementary and transition betWeen 1 volt and —1 volt 
less any attenuation through the cable 104. With the cable 
104 having no signi?cant length, signals VP and VN illus 
trated by signal 300 Will transition at a rate (dVPN/dt) Which 
Will not vary signi?cantly from that of signals VINP and 
VINN as shoWn in FIG. 2. With an intermediate length cable, 
the signals VP and VN illustrated by signal 302 Will tran 
sition at a someWhat loWer rate (dVPN/dt) than signals VINP 
and VINN. Further, With a longer cable, the signals VP and 
VN illustrated by signal 304 Will transition at a signi?cantly 
loWer rate (dVPN/dt) than signals VINP and VINN. As can be 
seen, by measuring a rate (dVPN/dt) at transitions of the 
signals VP and VN, a cable length estimation can be 
determined. 

FIG. 4 shoWs a block diagram of circuitry for the cable 
length estimation circuit 110 of FIG. 1. As shoWn, the cable 
length estimation circuit 110 includes an edge rate detection 
circuit 400, a digital averaging circuit 402, and a baseline 
Wander detection circuit 404. 

The edge rate detection circuit 400 receives the differen 
tial input signals VP and VN Which are also input to the 
equalizer along With a reset signal Which is provided upon 
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4 
startup of the cable length estimation circuit 110. The edge 
rate detection circuit 400 outputs a signal D(2:0) represen 
tative of the rate of change in voltage With respect to time 
(dVPN/dt) of the differential input signal VP and VN. 
The digital averaging circuit 402 receives the digital 

signal D(2:0) from the edge rate detection circuit 400, as 
Well as the reset signal (RST) for initializing its output upon 
startup, and a clock signal (CLK). The digital averaging 
circuit 402 functions to provide an average value AVG(2:0) 
representative of an average of the signal values D(2:0) 
received during a selected number of clock cycles. 
The baseline Wander detection circuit 404 receives the 

signal AVG(2:0) from the digital averaging circuit 402, 
along With the differential signal VP and VN. The baseline 
Wander detection circuit 404 functions to detect baseline 
Wander in the signal VP and VN, and to latch a previous 
value of the signal AVG(2:0) as its output OUT(2:0) When 
baseline Wander is detected. With no baseline Wander 
detected, the circuit 404 functions to provide the signal 
AVG(2:0) directly as the signal OUT(2:0). The signal OUT 
(2:0) provides the control input to the equalizer 108 of FIG. 
1. 

Speci?c circuitry for the edge rate detection circuit 400 is 
shoWn in FIGS. 5 and 6 and includes an analog to digital 
(A/D) edge rate measurement circuit as shoWn in FIG. 5 and 
a sample and hold circuit as shoWn in FIG. 6. 

The A/D edge rate measurement circuit of FIG. 5 includes 
a plurality of comparators 501—504, each having an invert 
ing input connected to receive the signal VN. Outputs of 
comparators 501—504 are buffered through respective 
inverters 531—534 to provide respective output signals 
A3—A0. The signal VN is also provided to the gate and 
source of a transistor 510 and to one end terminal of ?rst 
series connected resistors 512. The drain of transistor 510 is 
connected to VDD. A second end terminal of the series 
resistors 512 is connected to a current sink 514. 

The signal VP is provided to the gate and source of a 
transistor 520 and to one end terminal of second series 
connected resistors 522 having values substantially match 
ing those of series resistors 512. The drain of transistor 520 
is connected to VDD, and a second end terminal of the series 
resistors 522 is connected to a current sink 524. Successive 
terminals of the series connected resistors 522, other than the 
?rst terminal are connected to the noninverting input of 
respective comparators 501—504. 

In operation, With the signal VP and VN at zero volts, the 
output of comparators 501—504 Will all be in a loW state, 
providing a digital 0. HoWever, When the signals VP and VN 
transition from zero volts, the comparator 501 output Will go 
high to provide a digital 1, and Will be folloWed by the 
outputs of comparators 502—504 going high at a rate depend 
ing on the rate of change of voltage With respect to time 
(dVPN/dt) of the signal VP and VN. 
As described With respect to FIG. 3, With a short cable, the 

rate dVPN/dt Will be higher than With a longer cable, the rate 
dVPN/dt varying depending on cable length. With the states 
of outputs A0—A3 transitioning at a rate depending on the 
rate dVPN/dt, the output signal A0—A3 provides a digital 
signal representing an estimation of the length of the cable 
providing the signals VN and VP. 

The sample and hold circuit of FIG. 6 includes latches 
601—603 receiving outputs A0—A2 buffered by inverters 
from the A/D edge rate measurement circuit of FIG. 5. The 
output of the latches 601—603 are provided to the inputs of 
latches 611—613, and the outputs of latches 611—613 provide 
the outputs D0—D2, or the signal D(2:0) output from the 
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edge rate detection circuit 400 of FIG. 4. The reset signal 
(RST) is provided to the set input of latches 611—613 and to 
the reset inputs of latches 601—603 as shown. 

The circuit of FIG. 6 also includes a pulse generator 620 
receiving the output A3 from the circuit of FIG. 5. The pulse 
generator 620 functions to provide an output directly to the 
clock inputs of latches 611—613, and through an inverter 630 
to the clock inputs CLK of latches 601—603 When a transi 
tion in the signal A3 occurs. With the clock inputs of latches 
601—602 being inverted from the clock inputs CLK of 
latches 611—613, latches 601 and 611 form a D-type ?ip 
?op, as do latches 602 and 612, and latches 603 and 613. 

The pulse generator 620 includes an AND gate 622 
having a ?rst input connected by inverter 624 to receive the 
output A3. The signal from inverter 624 is further provided 
through delay elements 626 and inverter 627 to a second 
input of AND gate 622. Buffering 628 is also provided in the 
path betWeen inverter 624 and the second input of AND gate 
622 to compensate for buffering of the outputs A0—A2 to the 
input of latches 601—603. The delay through delay devices 
626 and inverter 627 is adjusted to achieve a desired pulse 
period. 

In operation, upon receiving a transition in the signal A3 
Which indicates that an edge of the signals VP and VN has 
been detected, the pulse generator 620 Will provide a pulse 
of the desired pulse period. If the signals from outputs 
A0—A2 also transition Within the pulse period, the D-type 
?ip-?ops (601,611) (602,612) and (603,613) Will function to 
transition respective ones of the outputs D0—D2. With sig 
nals A0—A2 transitioning at a rate depending on the rate 
dVPN/dt of the signal VP and VN, With appropriate choice 
for the pulse period, the outputs D0—D2 Will provide a 
digital signal representative of the cable length. 

For eXample, With a short cable, the rate dVPN/dt Will be 
very rapid so A0—A2 Will all transition during a particular 
pulse period, so the outputs D0—D2 Will be respectively: 1 
1 1. With a longer cable, the rate dVPN/dt Will be less rapid, 
enabling for instance only signals A0 and A1 to transition in 
the particular pulse period, so the outputs D0—D2 Will be 
respectively: 1 1 0. Further With an even longer cable, the 
rate dVPN/dt may be even sloWer, enabling none of the 
signals A0—A2 to transition during the particular pulse 
period, so the outputs D0—D3 Would be respectively: 0 0 0. 
As can be seen the outputs D0—D3 Will provide a digital 
signal representative of the cable length. 

Although the outputs D0—D3 might be provided directly 
to the input of equaliZer 108 as a digital cable length 
estimate, the equaliZer needs a glitch free input to function 
properly. Glitches can result When variations in the signal 
VP and VN occur after the signal is provided through a 
cable. The present invention, therefore, utiliZes a ?lter to 
effectively remove glitches from the output D0—D3. FIG. 7 
shoWs circuitry for the digital averaging circuit 402 of FIG. 
4 used in the present invention to ?lter the output D0—D3. 

The digital averaging circuit includes an adder 700 having 
a ?rst input receiving the three bits D0—D2, or D(2:0) from 
the edge rate detection circuit 400. The output of the adder 
700 is provided to the input of an accumulator register 702. 
The accumulator register 702 also receives a clock signal 
(CLK) and a reset signal (RST) input to the digital averaging 
circuit 402. The output of the accumulator register 702 
provides a second input to adder 700. For purposes of 
illustration, both the accumulator register 702 and adder 700 
are shoWn as 7 bit devices. 

The output of the accumulator register 702 is provided as 
the input of another register 704 Which for illustration is 
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6 
shoWn to have 7 bits. A clock input to the register 704 is 
provided from a counter 706. The register 704 also receives 
the reset input (RST) provided to the digital averaging 
circuit. The output of register 704 is provided to a decoder 
708. 
The counter 706 receives the clock (CLK) and reset 

(RST) inputs and functions to count up to over?oW, the 
over?oW bit being provided to transition the clock input of 
register 704. The counter 706 is shoWn as a 5 bit device for 
purposes of illustration. 

The decoder 708 receives only a number of the most 
signi?cant bits, here the three most signi?cant bits (6:4), 
from register 704 to simulate the function of a divider. For 
eXample, With the 3 most signi?cant bits of 7 total bits taken 
from register 704, and With a 32 bit count indication 
provided by 5 bit counter 706, taking only the three most 
signi?cant bits simulates the function of a divide by 32. In 
addition to effectively providing division, the decoder 708 
functions to provide a signal AVGO—AVG2 as the output of 
the digital averaging circuit 402 decoded from its 3 bit input 
as controlled by a user. 

In operation the circuit of FIG. 7 functions to add the 
values of outputs D0—D2 in adder 700 to the sum previously 
obtained from adder 700 and stored in accumulator 702 
during a previous clock cycle. After 32 clock cycles, as 
determined by counter 706, the total value then stored in 
accumulator 702 Will be stored in register 704 due to the 
clocking of register 704 by counter 706. 
To take an average, the sum from register 704 is divided 

by the total number of clock cycles during Which values for 
D0—D2 Were summed. As described above, this is done by 
taking the three most signi?cant bits(6:4) from register 704 
to decoder 708. Thus, the digital value AVG(6:4) provided 
to decoder can be Written as folloWs: 

N-1 
_2 (DO - D2)(i) 

To initialiZe the count value of counter 706, accumulator 
702 and register 704, the reset signal Will be strobed upon 
startup. The accumulator register 702 can also be initialiZed 
after each clocking of register 704 to calculate a neW sum of 
values from adder 700 for the neXt 32 clock cycles by 
coupling the reset of accumulator 702 to the output of 
counter 706. HoWever, the count value of register 702 can 
also not be reset so that the sum from adder 700 is added to 
a previous sum determined during a past 32 clock cycles. 
The decoder 708 is controlled to assure the output 

AVGO—AVG2 When provided to the control input of the 
equaliZer 108 of FIG. 1 causes the equaliZer to function in 
a stable manner. For instance, the decoder can be rolled to 
provide an output value AVGO—AVG2 of 0 0 1 When its input 
receives the values 0 0 0, 0 0 1, or 0 1 0, an output value 
AVGO—AVG2 of 0 1 0 When its input receives values 0 1 1, 
1 0 0, or 1 0 1, and an output value AVGO—AVG2 for 
remaining input values. By so controlling the decoder, the 
output value AVGO—AVG2 Will not continually transition 
due to minor measurement differences. 

Although the signals AVGO—AVG2, or AVG(0:2) as 
shoWn in FIG. 4 from the digital averaging circuit 402, can 
be provided directly to the input of the digital averaging 
circuit, the present invention further provides circuitry to 
eliminate the effect of baseline Wander in the differential 
signal VP and VN. FIG. 8 shoWs circuitry for the baseline 
Wander detection circuit 404 of FIG. 4 for the present 
invention. 
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The baseline Wander detection circuit 404 of FIG. 8 
includes latches 701—703 having inputs receiving respective 
output signals AVG2—AVGO from the digital averaging 
circuit 402, and outputs providing respective signals 
OUTO—OUT2. The signals OUTO—OUT2 provide the digital 
control signal input to equaliZer 108 of FIG. 1. 

The circuit of FIG. 8 also includes a circuit for indicating 
baseline Wander including a ?rst peak detector 710 receiving 
the signal portion VP, and a second peak detector 712 
receiving the signal portion VN. The output of peak detector 
710 is provided to the noninverting input of a comparator 
714 and to the inverting input of a comparator 716. The 
output of peak detector 712 is provided to the inverting input 
of comparator 714 and to the noninverting input of com 
parator 716. The output of comparator 714 is provided 
through an inverter 718 to one input of an AND gate 722, 
While the output of comparator 716 is provided though an 
inverter 720 to a second input of an AND gate 722. The 
output of the AND gate 722 is then provided to the clock 
inputs of latches 701—703. 

In operation, baseline Wander is detected When the peak 
value of MLT-3 signal portion VP, referring to FIG. 3, is not 
equal to the peak value of the signal portion VN. Thus, if 
baseline Wander occurs, the outputs of peak detectors 710 
and 712 Will vary more than a given amount. The compara 
tors 714 and 716 are, thus, designed to provide equal outputs 
When the outputs of peak detectors 710 and 712 are sub 
stantially equal so that the output of AND gate 722 Will be 
high, but When the outputs of peak detectors 710 and 712 
vary more than the given amount, the outputs of comparators 
714 and 716 are designed to provided opposite outputs so 
that the output of AN D gate 722 Will be loW. With the output 
of AND gate 722 high, indicating no baseline Wander has 
occurred, latches 701—703 Will provide the signals 
AVG2—AVGO directly as outputs OUTO—OUT2. HoWever, 
When baseline Wander is detected, latches Will be disabled to 
effectively latch a previous value of AVG2—AVGO as signals 
OUTO—OUT2. 

Although the present invention has been described above 
With particularity, this Was merely to teach one of ordinary 
skill in the art hoW to make and use the invention. Many 
additional modi?cations Will fall Within the scope of the 
invention, as that scope is de?ned by the claims Which 
folloW. 
What is claimed is: 
1. Atransmission line length estimation circuit for receiv 

ing an input signal provided through a transmission line and 
for providing a digital control signal to an equalizer, the 
equaliZer also for receiving the input signal from the trans 
mission line and restoring amplitude loss and phase delay to 
the input signal resulting from the transmission line based on 
the digital control signal, the transmission line length deter 
mination circuit comprising: 

an edge rate detection circuit comprising: 
an analog to digital edge rate measurement 

circuit for receiving the input signal, and generating 
?rst digital signals representative of a rate of change 
in voltage With respect to time of the input signal at 
an output; and 

a sample and hold circuit having an input connected to 
the output of the A/D edge rate measurement circuit 
for receiving the digital signals from the A/D edge 
rate measurement circuit and providing second digi 
tal signals at an output for the edge rate detection 
circuit indicating the state of the ?rst digital signals 
during transitions of the input signal, the output of 
the edge rate detection circuit being coupled to 
provide the digital control signal to the equaliZer. 

15 

25 

35 

45 

55 

65 

8 
2. The transmission line length estimation circuit of claim 

1 further comprising: 
a digital averaging circuit having an input connected to 

the output of the edge rate detection circuit for receiv 
ing the second digital signals, and having an output 
providing an average digital signal representative of an 
average value for the second digital signals received 
during a number of the transitions of the input signal, 
the output of the digital averaging circuit being coupled 
to provide the digital control signal to the equaliZer. 

3. The transmission line length estimation circuit of claim 
2 further comprising: 

a baseline Wander detection circuit comprising: 
latches for coupling the output of the digital averaging 

circuit to provide the digital control signal to the 
equaliZer; and 

baseline Wander indication circuitry receiving the input 
signal at differential inputs and generating a baseline 
Wander indication signal When a difference in volt 
age magnitude betWeen the differential inputs varies 
greater than a desired amount, the base line Wander 
indication signal being coupled to clock inputs of the 
latches so that the latches maintain a state of the 
digital average signal as received before the baseline 
Wander indication signal Was generated. 

4. The transmission line length estimation circuit of claim 
1, Wherein the input signal is a differential signal having a 
positive signal component (VP) and a negative signal com 
ponent (VN), 

Wherein the A/D edge rate measure edge rate measure 
ment circuit comprises: 
a plurality of comparators having inverting terminals 

connected to receive the signal VN; 
a ?rst plurality of series connected resistors having a 

?rst end connected to receive the signal VN, and 
having a second end coupled to a current sink; and 

a second plurality of series connected resistors having 
a ?rst end terminal connected to receive the signal 
VP, and having a second end terminal coupled to a 
current sink, Wherein successive terminals of the 
second plurality of series connected transistors, other 
than the ?rst end terminal, are each connected to a 
non-inverting input of a respective one of the 
comparators, 

and Wherein the sample and hold circuit comprises: 
a pulse generator having an input coupled to an output 

of a ?rst comparator in the plurality of comparators; 
and 

a plurality of ?ip-?ops, each having an input coupled to 
an output of a respective one of the comparators, a 
clock input coupled to the output of the pulse 
generator, and an output, Wherein the outputs of the 
plurality of ?ip-?ops provide the output of the edge 
rate detection circuit. 

5. The transmission line length estimation circuit of claim 
4, Wherein the pulse generator comprises: 

a NAND gate having a ?rst input coupled to receive the 
output of the ?rst comparator in the plurality of 
comparators, a second input, and an output coupled to 
the clock inputs of the plurality of ?ip-?ops; and 

a series connected delay element and inverter having a 
?rst end terminal coupled to receive the output of the 
?rst comparator in the plurality of comparators, and a 
second end terminal coupled to a second input of the 
NAND gate. 

6. The transmission line length estimation circuit of claim 
2 Wherein the digital averaging circuit comprises: 
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an adder having a ?rst input coupled to receive the digital 
signal from the output of the edge rate detection circuit, 
a second input, and an output providing the sum of its 
?rst and second input; 

a ?rst register having an input connected to the output of 
the adder, a clock input receiving a clock signal, and an 
output connected to the second input of the adder; 

a counter having an input connected to receive the clock 
signal, and an output providing a signal transition When 
its count value reaches a desired number; and 

a second register having an input connected to the output 
of the ?rst register, a clock input connected to the 
output of the counter, and an output coupled to provide 
the digital control signal to the equaliZer. 

7. The transmission line length estimation circuit of claim 
6 Wherein the digital averaging circuit further comprises: 

a decoder having an input connected to receive a number 
of bits of a signal from the output of the second register, 
the decoder providing a signal at an output represen 
tative of a state of the number of bits, the output of the 
decoder being coupled to provide the digital control 
signal to the equalizer. 

8. The transmission line length estimation circuit of claim 
3, Wherein the input signal is a differential signal having a 

10 

15 

10 
positive signal component (VP) and a negative signal com 
ponent (VN), and Wherein the baseline Wander indication 
circuitry comprises: 

a ?rst peak detector having an input connected to receive 
the signal VP, and an output; 

a second peak detector having an input connected to 
receive the signal VN, and an output; 

a ?rst comparator having a noninverting input connected 
to the output of the ?rst peak detector and an inverting 
input connected to the output of the second peak 
detector; 

a second comparator having an inverting input connected 
to the output of the ?rst peak detector and a noninvert 
ing input connected to the output of the second peak 
detector; and 

an AND gate having a ?rst input coupled by an inverter 
to the output of the ?rst comparator and having, a 
second input coupled by an inverter to the output of the 
second comparator, and having an output coupled to the 
clock inputs of the latches. 


